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AERONAUTIC SYMBOLS 



1. FUNDAMENTAL AND DERIVED UNITS 





Symbol 


Metric 


English 


Unit 


Abbrevia- 
tion 


Unit 


Abbrevia- 
tion 


Length 


I 
t 

F 


meter _ 


m 

s 

kg 


foot (or mile) i _ 


ft. (or mi.) 
sec. (or hr.) 
lb. 


Time 


second. _ _ __ 


second (or hour) 


Force _ 


weight of 1 kilogram 


weight of 1 pound 


Power . 


P 
V 


horsepower (metric) 




horsepower _ _ 


hp. 

m.p.h. 
f.p.s. 


Speed 


fkilometers per hour 


k.p.h. 
m.p.s. 


miles per hour _ 




\meters per second 


feet per second 



2. GENERAL SYMBOLS 



g> 

m, 

i, 



Weight =-m# 

Standard acceleration of gravitv=9. 80665 
m/s 2 or 32.1740 ft. /sec. 2 
W 

Mass=— • 
9 

Moment of inertia=ra& 2 . (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 



v y Kinematic viscosity 

p, Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-m" 4 -s 2 

15° C. and 760 mm; or 0.002378 lb.-ft.~ 4 sec. 2 
Specific weight of "standard" air, 1.2255 kg/m 3 

0.07651 lb./cu. ft. 



at 



or 



3. AERODYNAMIC SYMBOLS 



8, 

0, 
b, 
c, 
6 2 
S' 

v, 
a, 

L, 

D, 

Do, 

pa 

D P> 

C, 
R, 



Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure =^pV 2 

Lift, absolute coefficient Cl^^U 

Drag, absolute coefficient C D =My 

Profile drag, absolute coefficient C, 



Do 



Induced drag, absolute coefficient G Di =-^ 



Parasite drag, absolute coefficient ^d v =~^ 



Cross-wind force, absolute coefficient C c — 
Resultant force 



(I 
qS 



o 

y 

VI 
p — , 



Cpy 

a, 

4 



Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where I is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C, the cor- 
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s., the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 

Angle of downwash 

Angle of attack, infinite aspect ratio 

Angle of attack, induced 

Angle of attack, absolute (measured from zero- 
lift position) 
Flight-path angle 
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SUMMARY 

Pressure-distribution tests were made of a Clark Y 
airfoil with a().20c x , ( lark Y FowU r flap and oj an N.A. C.A. 
23012 airfoil with 0.20c W) 0.30c w , and 0.1fic„ N. A. C. A. 
23012 Fowler flaps. Some of the tests were made 
in the 7- by 10-foot wind tunnel and others in the 5 -foot 
vertical wind tunnel. The pressures were measured on 
the upper and lower surfaces at one chord section both on 
the main airfoils and on the flaps for several angles of 
attack with the flaps located at the maximum-lift settings. 
A test installation was used in which the model was 
mounted in the wind tunnel between large end planes so 
that two-dimensional flow was approximated. 

The data are given in the form of pressure-distribution 
diagrams and as plots of calculated coefficients for the air- 
foil-and-flap combinations and for the flaps alone. The 
pressure-distribution tests show that the e ffect of increasing 
the chord of the Fowler flap, for a given lift of combined 
airfoil and flap, is to increase the portion of the total load 
carried by the flap and to decrease the adverse pressure 
gradients of the main airfoil and thereby its tendency to 
stall. The maximum values of the normal-force coeffi- 
cient of the Fowler flap were found to be much smaller 
than preciously indicated and approximately tin sanu as 
those of the external-airfoil flap and of the simple split 
flap. The flap-load data given in this report supersede 
those given in Report No. 63 If. 

INTRODUCTION 

The Fowler flap in combination with a main airfoil 
appears to be one of the most effective high-lift devices 
investigated up to the present time. Previous investi- 
gations of this device (references 1, 2, and 3) have shown 
that it is capable of developing high lift coefficients and 
that it gives lower drags al the high lift coefficients than 
do plain or split (laps. The Fowler flap, in addition, 
differs from the external-airfoil flap in that it is fully 
retractable for the high-speed-flight condition. 

Several sizes of flap combined with a given main air- 
foil have been investigated, the flap ranging in chord up 
to 40 percent of the main airfoil chord. (See reference 
1.) In addition, tests have been made with these sizes 
of flap to determine the required locations for each to 
give its best aerodynamic characteristics. 

In order to supply the information requested by de- 
signers for structural-design purposes, the present pres- I 



sure-distribution tests were made to obtain the air-load 
distribution over the main airfoil and flap. The combi- 
nations tested have either the Clark Y or the N. A. C. A. 
23012 sections for both the main airfoil and the flap, 
the flap positions being those giving approximately the 
highest maximum lift for each arrangement. 

APPARATUS AND TESTS 
MODELS 

Two models, built of laminated mahogany and hav- 
ing a span and chord each of 20 inches, were used for 
the main airfoils; one was of Clark Y section and the 
other of N. A. C. A. 23012 section. The upper surfaces 
of these airfoils from midchord to the trailing edge were 
formed by a thin steel plate suitably supported by 
metal ribs at each end and by two intermediate ribs. 
The space between the plate and the lower surface was 
filled by wooden blocks cut to the proper contour and 
arranged for easy removal to form retracting wells for 
flaps having chords 20, 30, or 40 percent of the main 
airfoil chord. 

Four models (fig. 1) were used for the Fowler flaps, 
one of Clark Y section and three of N. A. C. A. 23012 
section. The Clark Y flap was of brass and had a span 
of 20 inches and a chord of 4 inches (20 percent of the 
main airfoil chord). The N. A. C. A. 23012 flaps were 
of duralumin, each having a span of 20 inches and chords 
of 4, G, and 8 inches (20, 30, and 40 percent of the main 
airfoil chord, respectively). The flaps were supported 
on the main airfoils by metal fittings at each end and 
by two intermediate fittings, spaced equally along the 
span. 

A single row of pressure orifices was built into the 
upper and lower surfaces of each main airfoil and flap 
at only the midspan section, the tests of reference 4 
having shown that other orifices were unnecessary. 
These orifices were located on the models as listed in 
table I, the tubes from the orifices being brought 
through the model and out at one end. The pressures 
were photographically recorded by a multiple-! ube 
manometer, 

TEST INSTALLATION 

The entire investigation was originally intended to 
be made in a single wind tunnel but, because the neces- 
sity arose for making changes to that tunnel during the 
course of the investigation, it was found desirable to 

l 
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complete the tests in ;i different tunnel so that the 
results would not be unnecessarily delayed. Some of 
the models were tested in the N. A. C. A. 7- by 10-foot 
open-jet wind tunnel (reference 5) and were mounted as 
shown by figure 2. The main airfoil was rigidly at- 
tached to two circular end plates with the flap set at 
the position and deflection (30°) giving about the 
highest Or of the combination. The end plates 
were supported in circular cut-outs in two large vertical 
end planes that extended from top to bottom of the air 
stream and also some distance ahead of and behind the 
model. The angle of attack of the model was set by 



.025c u 




Clark Y airfoil with 0.20c, 
Clark Y Fowler flop 



0125c 




N.A.CA. 23012 airfoil with 0.20c w 
MAC. A. 23012 Fowler flap 



do 




r-.025c w 






**" ~ / 





N.A.CA. 23012 airfoil with 0.30c w 
N.A.CA. 230/2 Fowler flap 













1 




N.A.CA. 230/2 airfoil with 0.40c w 
N.A.CA. 23012 Fowler flap 



Figure 1.— Sections of airfoil and flap combinations tested. 

rotating the circular plates and locking them at the 
desired angle. Approximately two-dimensional flow is 
obtained with this type of installation and the section 
characteristics of the model under test may be deter- 
mined. (See reference 4.) 

The remaining models were tested in the N. A. C. A. 
5-foot open-jet vertical wind tunnel (reference 6) and 
were mounted as shown in figure 3. This installation 
was very similar to that used in the 7- by 1 0-foot tunnel; 
the model set-up for testing and the multiple-tube 
manometer are shown in figure 4. 

TESTS 

The tests were carried out at a dynamic pressure of 
16.37 pounds per square foot, corresponding to an air 



speed of 80 miles per hour at standard sea-level condi- 
tions. The average test Reynolds Numbers, based on 
the sum of main airfoil and flap chords, varied from 
1,220,000 for the plain airfoil to 1,700,000 for the air- 
foil with the 0.40cv Fowler flap. The turbulence 
factor for the 7- by 10-foot open-jet wind tunnel is 1.4 
and for the 5-foot vertical tunnel. 1.7, from which the 
effective Reynolds X umbers may be computed. ( Effec- 



8 



Plan 



Fixed wooden 
end plane 




0) 

c: 
o 



Figure 2.— Diagram of model with Fowler flap installed between end planes in the 
7- by 10-foot wind tunnel. 

five Reynolds Number=test Reynolds Number X 
turbulence factor (reference 7).) 

The Clark Y and the N. A. C. A. 23012 plain airfoils, 
and the same airfoils with Q.20c w Clark Y and N. A. C. A. 
23012 Fowler flaps, respectively, were tested in the 
7- by 10-foot wind tunnel. The N. A. C. A. 23012 main 
airfoil with 0.20c,,, 0.30c„, and 0.40c„ N. A. C. A. 23012 
Fowler Haps was tested in the 5-foot vertical wind 
tunnel. All flaps were set at the position and angle 
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(30°) that gave nearly maximum lift for all the com- 
binations tested. The angles of attack ranged from 
— 20° to 24° and the lift coefficients included (hose from 
approximately maximum negative through maximum 
positive lift. With the model at a given angle of 
attack, a few minutes were allowed for all lest condi- 




6) are given as ratios of orifice pressure p to dynamic 
pressure of the air stream q for the angles of attack in- 
vestigated. Pressure diagrams for the combinations of 
main airfoils with Fowler flaps are given in figures 7 to 
10 for the various angles of attack tested. On these 
diagrams the pressures are plotted normal to the main- 
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Section A- A 

FIGURE 3.— Diagram of model with Fowler flap installed bet ween end planes in the 5-foot vertical wind tunnel 
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Figure 4.— Model and manometer set-up for tests in the .5-foot vertical wind tunnel. 



tions to become steady; a record was then taken of the 
pressures at tin 4 orifices by means of I lie manometer. 



PRESENTATION OF DATA 

PRESSURE DIAGRAMS 



Diagrams of the pressures over the upper and lower 
surfaces of the main airfoils without flaps (figs. 5 and 



airfoil chord and to the flap chord, the pressure values 
being measured from the main chord for the main- 
airfoil pressures and from the flap chord for the flap 
pressures. Figures 11 and 12 give comparisons, at the 
same total lift, of the pressure distribution over the 
various airfoil-flap arrangements tested. 
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Figure 5.— Pressure distribution on the plain Clark V airfoil, without flap, at various angles of attack. 
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Figure n.— Pressure distribution ou the plain N. A. C. A. 23012 airfoil, without flap, at various angles of attack. 
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Figure 7.— Pressure distribution on the Hark Y airfoil, with the 0.20c w Clark Y Fowler flap, at various angles of attack. Flap deflected 30°. 
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Figure 8.— Pressure distribution on the N. A. C. A. 23012 airfoil, with the 0.20c N. A. C. A. 23012 Fowler flap, at various angles of attack. Flap deflected 30°. 




Figure 0. -Pressure distribution on the N. A. C. A. 23012 airfoil, with the 0.30c„ N. A. C. A. 23012 Fowler flap, at various angles of attack. Flap deflected 30°. 




Figure 10.— Pressure distribution on the N. A. C. A. 23012 airfoil, with the 0A0c w N. A. C. A. 23012 Fowler flap, at various angles of attack. Flap deflected 30°. 
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In addition to these normal-pressure diagrams, figures 
13 and 14 are included to show the pressures parallel to 
the ehoids of the 0.30c tt and 0.40^ N. A. C. A. 23012 
Fowler flaps. These pressures are also given as ratios 
of orifice pressure to the dynamic pressure of the air 
stream; however, the pressure values are plotted 
parallel to, instead of normal to, the flap chord and are 
measured from the maximum thickness line of the (lap, 
instead of from the chord line. 



=- (w+f) , normal-force coefficient of main airfoi 



<!('u 



with lap. 



/// 

c mw = — — 2 i pitching-moment coefficient of main airfoil 
alone about quarter-chord point. 

pitching-moment coefficient of main 



171 (w+ f) 



Cm*=—i normal-force coefficient of flap. 



airfoil with (lap. about quarter-chord 
point of main airfoil. 



N.A.C.A. 23012 
C/ork Y 




Figure 11.— Comparison of the pressure distribution, at the same lift, on the Clark Y airfoil and the 0.20c » Clark Y Fowler flap with that on the N. A. C. A. 23012 airfoil and 



COEFFICIENTS 

The pressure diagrams were mechanically integrated 
to obtain data from which section coefficients could be 
computed. The section coefficients are defined as 
follows: 

c =—) normal-force coefficient of main airfoil alone. 

w qc w 



c mj .—- m {y pitching-moment coefficient of flap about 
^ 1 quarter-chord point of Hap. 

(c.p.) w = ^0.25— — )X100, center of pressure of main 
^ nw ' airfoil alone, in percent- 

age of chord from leading 
edge. 
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■^^jXlOO, center of pressure of 
Hw +n' main airfoil with 

flap, in percentage 
of main-airfoil 
chord from Leading 
edge. 



//?„., pitching moment of main airfoil about quarter- 
chord point. 
, pitching moment of main airfoil with flap 
about quarter-chord point of main airfoil. 
n fi normal force of flap. 

///,, pitching moment of flap about quarter-chord 
point of flap. 



Flap size 

o.aoc w 

.30 ■ 
40 " 




Figure 12.-Comparison of the pressure distribution, at the same lift, on the N. A. C. A. 23012 airfoil with the 0.20c, the 0.30c,,. and the 0.40c N. A. C. A. 23012 Fowler 

flaps. c n (u , +/) =2.35. 



(c.p.) f =(o.25 - 100, center of pressure of flap 



in percentage of flap chord 
from leading edge of flap. 



c c =— > chord-force coefficient of flap. 

' qcf 

where the forces per unit span are: 
n W) normal force of main airfoil. 
n iw+f) , normal force of main airfoil with flap. 



and 



x , chord force of flap. 



q, dynamic pressure 4 . 
C m main-airfoil chord. 
Cf f flap chord. 
The center-of-pressure positions and the pitching- 
monuMil coefficients were derived from the normal 
forces, the chord forces being neglected I except for the 
effect of the flap, in which case the flap deflection was 
taken into account . 
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Figure 13.— Chord pressure distribution on the 0.30c N. A. C. A. 23012 Fowler flap mounted on the N. A. C. A. 23012 airfoil. Flap deflected 30°. 
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Fi'.i i:k 14.— Chord pressure distribution on the 0.40c N. A. C. A. 23012 Fowler flap mounted on the N. A. G. A. 23012 airfoil. Flap deflected 30°. 
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The calculated results from the present tests were all 
corrected to infinite 4 aspect ratio in accordance with 
methods given by Cdauert (reference K). A check on 
the theoretical correction is shown in figure 15, where 
the corrected results of the pressure-distribution tests 
are compared with force-test results (reference ) for 
a 10- hy 00-inch X. A. (\ A. 2801 2 plain wing corrected 
to infinite aspect ratio by the usual methods. 
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FIGURE 15.— Section characteristics of the N. A. C. A. 23012 and the (Mark V airfoils. 

For the case of the pressure-distribution tests — 
<x 0 = a-j- Aa 

where 



Aa (deg.) = -(o.26|c rt )x57.3 



c is the total chord. 
A. height of the jet. 

(The quantity c n is substituted for C L in the present 
collection and the substitution results in only a slight 
error because of the small difference in value between 
the two quantities.) Curves of the various calculated 
coefficients are given in figures 15 to 18. 



PRECISION 

As no air-flow alinement tests were made in either 
wind tunnel with the test arrangements used in the in- 
vestigation, the absolute setting of the angle of attack 
may be slightly in error; the relative angles are, how- 
ever, accurate to within ±0.1°. The flaps were set to 
the specified angle to within ±0.1°. The orifice pres- 
sures based on check tests in which the angles of attack 
were changed showed that they agreed to within ±2 
percent, with the exception of upper-surface pressures 
near the leading edges, which, at high angles of attack, 
checked within ±5 percent. The dynamic pressure 
recorded on each diagram was accurate to within ±0.25 
percent for all tests. Pressure orifices were not suffi- 
ciently numerous to determine the peak pressures ac- 
curately at the airfoil nose, bul this fact should not 
appreciably affect the results. 

RESULTS AND DISCUSSION 

SECTION PRESSURE DISTRIBUTION 

The pressure-distribution diagrams (figs. 5 to 14) 
show the distribution of the air loads on the main air- 
foils and on the (laps and may be considered sa t isfactory 
for application to rib and flap design. The diagrams of 
forces normal to the chord shown in figures 7 to 10 are 
very similar to those for an airfoil with an external- 
airfoil flap (reference 4), indicating that the effects 
produced by the Fowler flap and by the external-airfoil 
flap are very much alike. 

Comparison of the normal-pressure diagram for the 
N. A. C. A. 23012 airfoil and N. A. C. A. 23012 Fowler 
flap with that for the Clark Y airfoil and Clark Y Fow- 
ler (lap at the same total lift (fig. 1 1) shows the effect of 
changes in airfoil section. Changing from a Clark Y 
to an N. A. C. A. 23012 section for both main airfoil and 
flap had the following effects: (1) The loads on the flap 
were reduced and (2) the adverse pressure gradients of 
the main airfoil, and thereby its tendency to stall, were 
increased. 

Comparison of normal-pressure diagrams for the 
N. A. C. A. 23012 airfoil with various sizesof N. A. C. A. 
23012 Fowler flap (fig. 12) shows the effect of changing 
the flap chord for a given lift of the combination. In- 
creasing the flap chord had the following effects: (1) 
The portion of the load carried by the flap was increased; 
and (2) the adverse pressure gradients of the main airfoil 
were decreased so that higher lifts could be obtained 
before stalling. 

The chord pressure diagrams for the 0.30^ and 0.40c ?r 
Fowler flaps (figs. 13 and 14) were included because it 
was thought that relatively large forces existed which 
acted in a direction to retract the flap from its maximum- 
lift setting. As indicated by these diagrams, the nega- 
tive component overbalances the positive for practically 
all of the arrangements tested, so that the total chord 
pressure force is directed forward. This force, however, 
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does not include the skin-friction forces, which also act 
nearly parallel to the chord and in such a way as bo 
increase the magnitude of the total chord force if posi- 
tive or to decrease it if negative. 




Fowler flap gives a higher maximum lift than the 
N. A. C. A. 23012 airfoil with N. A. C. A. 23012 Fowler 
flap (fig. 16). This fact is partly accounted for, how- 
ever, by the higher maximum lift of the plain Clark Y 
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Figure 16. 



(a) Airfoil with flap. 
-Section characteristics of the N. A. C. A. 23012 airfoil with the 0.20c ti , 



N. A. C 



Norma/- force coefficient of combination, c n{ 
(b) Flap alone. 

A. 23012 Fowler flap and of the Clark Y airfoil with the 0.20c u Clark Y 



Fowler flap. Flaps deflected 30°. 



SECTION LOADS AND MOMENTS 

Pressure-distribution results. — The airfoil and flap 
section coefficients arc <riven in figures 15 to 18. It 
will be noted that the (lark Y airfoil with Clark Y 



airfoil at the Reynolds Numbers of the tests, the 
increment in maximum lift due to the flap being 
approximately the same w ith either airfoil combination. 
In addition, the normal-force coefficients of the Clark 
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Y Fowler flap are somewhat higher than those of the airfoil flap (reference 4) and also for simple split flaps 

N. A. C. A. 23012 flap. (references 10 and 11). 

In all the arrangements investigated, the flap loads The chord-force coefficients of the Fowler flaps 

build up rapidly at relatively low lifts of the combina- (figs. 17 and IS) are all negative in sign; that is, the 
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(a) Airfoil with Map. 



-.4 O .4 .8 1.2 1.6 2.0 2.4 2.8 
Normal- force coefficient of combination, 

(o) Flap alone. 



Figure 17.— Section characteristics of the N. A. C. A. 23012 airfoil with the 0.30c w N. A. C. A 23012 Fowler flap. Flap deflected 30°. 



tion, but the normal-force coefficients do not differ 
greatly for the three sizes of N. A. C. A. 23012 Fowler 
flap. The range of the maximum values of the Fowler 
flap normal-force coefficient is from 1.20 to 1.33, which 
approximates the maximum values for the external- 



pressure forces parallel to the chord are directed for- 
ward along the chord. The magnitudes of these 
forces are relatively small and, as previously mentioned, 
they would be decreased by the skin-friction forces 
that have not been included. 



PRESSURE DISTRIBUTION OVER AIRFOILS WITH FOWLER FLAPS 



Comparison with force-test measurements of flap 
loads. — A comparison of some loads on Fowler flaps 
obtained from force-test measurements in an earlier 
investigation (reference 1) with those from the present 



prudently of the main airfoil at the position and angle 
for maximum lift and then measuring the forces on 
the airfoil alone mounted on the balance in the presence 
of the llap. The flap loads were then computed by 
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(a) Airfoil with flap CM Flap alone. 

Figure 18.-Section characteristics of the N. A. C. A. 23012 airfoil with the 0.40c, N. A. 0. A. 23012 Fowler flap. Flap deflected 30°. 



pressure-distribution measurements indicates that a 
serious disagreement exists between the two. In the 
case of the force tests, air loads acting on the Fowler 
Haps were determined by supporting the flaps inde- 



deducting the forces on the main airfoil in the presence 
of the (lap from those on the main airfoil with the 
flap attached. 
The disagreement between the results from the two 
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types of test has been found traceable to deflections of 
the model in the force tests (reference 1) resulting in 
displacement of the flap with respect to the main airfoil. 
The combination thus failed to develop the full lift 
coefficient available when set up for the flap-load tests, 
thereby resulting in the observation of small forces on 
the main airfoil with the flap separately supported. 
The resulting flap loads, calculated as previously 
described, were consequently considerably exaggerated. 
The present pressure-distribution results, however, are 
believed reliable in view of the test methods and the 
rigid models used in the investigation and should there- 
fore be considered as superseding the flap-load data 
given in reference L 

CONCLUSIONS 

1. The pressure-distribution tests show that the 
effect of increasing the chord of the Fowler flap, for a 
given lift of combined main airfoil and flap, was to in- 
crease the portion of the total load carried by the flap 
and to decrease the adverse pressure gradients of the 
main airfoil and thereby its tendency to stall. 

2. The maximum values of normal-force coefficient of 
the Fowler flap are much smaller than previously indi- 
cated and are approximately the same as those of the 
external-airfoil flap and of the simple split flap. 



Langley Memorial Aeronautical Laboratory, 
\ \tional Advisory Committee for Aeronautics, 
Langley Field, Va., November 24, 1937. 
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ORMXATKS AND ORIFICI- 

(a) 



PKESSURE DISTRIBUTION OVER AIRFOILS WITH FOWLER FLAPS 

TABLE I 

LOCATIONS OF AIRFOIL AM) FOWLER FLAP COMBINATIONS TESTED 



Clark Y 


airfoil: Section ordi- 


nates in percent of chord 


Station 


Upper 


Lower 


0 


3. GO 


3. 60 


1.25 


5.38 


1.86 


2.5 


6.43 


1.42 


5 




.91 


7.5 


8. 79 


.59 


10 


9.56 


.39 


15 


10. 63 


. 12 


20 


11.32 


.01 


30 


11. 68 


.00 


•10 


11.37 


.00 


50 


ia 


.00 


60 


9. 13 


.00 


70 


7. 34 


.00 


80 


5.21 


.00 


90 


2. 79 


.00 


95 


1.50 


.00 


100 


.12 


.00 



Clark Y 


20-inch airfoil, plain 


and with 0.20c „ flat 


>: Orifice 


location 


s on surface 


S in per- 


cent of chord fron 


leading 


edge 






Orifice 


Upper 


Lower 


0 


0.00 


0.00 


1 


2.50 


2.50 


2 


5.00 


5.00 


3 


10.00 


10. 00 


4 


25.00 


25. 00 


5 


45.00 


45. 00 


6 


f>2. 50 


62. 50 


7 


75.00 


75.00 


8 


85.00 


85.00 


9 


90.00 


90. CO 


10 


95.00 


95. 00 


11 


99.00 


99.00 



Clark Y 0.20c , r flap: Orifice 
locations on surfaces in per- 
cent of flap chord from leading 
edge 



Orifice 


Upper 


Lower 


0 


0.00 


0.00 


1 


2. 50 


2. 50 


2 


5.00 


5. 00 


3 


10. 00 


10. 00 


4 


25. 00 


25. 00 


5 


45. 00 


45. 00 


6 


62.50 


62. 50 




75. 00 


75.00 


8 


S2. 50 


82.50 


9 


92. 50 


92. 50 



(d) 



N. A. C. A. 23012 airfoil: Section 
ordinates in percent of chord 



Station 


Upper 


Lower 


0 


2. 67 


-1.23 


1.25 


3.61 


-1.71 


2.5 


4.91 


-2.26 


5 


5.80 


-2. 61 


7. 5 


6. 43 


-2. 92 


10 


7. 19 


-3. 50 


15 


7.50 


-3.97 


20 


7.60 


-4.28 


30 


7. 55 


-4. 46 


40 


7. 14 


-4.48 


50 


6.41 


-4. 17 


60 


5. 47 


-3.67 


70 


4.36 


-3.00 


80 


3.08 


-2. 16 


90 


1.68 


-1.23 


95 


.92 


-.70 


100 


.13 


-. 13 



L. E. radius=1.5S 
Slope through zero =0.305 



(e) 



N. A. C. A. 23012 20-inch plain 


airfoil: Orifice locations on 


surfaces 


in percent 


of chord 


from leading edge 




Orifice 


Upper 


Lower 


0 


0.00 


0.00 


1 


2. 40 


2. 40 


2 


5.00 


5.00 


3 


10. (K) 


10.00 


4 


25. 00 


25. IK) 


5 


45.00 


15.00 


0 


62. 50 


62. 50 


7 


75. 00 


75. 00 


8 


82. 50 


82. 50 


9 


88. 10 


88. 10 


10 


93. 00 


93. 60 


11 


98. 60 


98. 60 



(f) 



N. A. C. 


k. 23012 0.20Cu- Hap: 


Orifice locations or 


surfaces 


in percent of flap chord from 


leading edge 




Orifice 


Upper 


Lower 


0 


0.00 


0.00 


1 


2. 50 


2.50 


2 


5. 00 


5.00 


3 


10. 00 


10.00 


4 


25. 00 


25. 00 


5 


45.00 


45. 00 


6 


62.50 


62.50 


7 


75. 00 


75. 00 


8 


82. 50 


82. 50 


9 


92. 50 


92. 50 



(g) 



N. A. C. A. 23012 2o-inch airfoil 


with 0.20c. and 0.30c u . Haps: 


Orifice locations oi 


surfaces 


in percent of chord from lead- 


ing edge 






Orifice 


Upper 


Lower 


0 


0.00 


0.00 


l 


2.40 


2. 40 


2 


5. 00 


5.00 


3 


10. 00 


10.00 


4 


25.00 


25.00 


5 


45. 00 


45.00 


5a 


none 


5S. SO 


6 


62.50 


62. 50 


6a 


none 


/is. so 


7 


75.00 


75.00 


8 


82.50 


S2. 50 


9 


88. 10 


88. 10 


10 


93.60 


93. 60 


11 


98.60 


98.60 



(h) 



N. A. C. A. 23012 20-inch airfoil 
with 0.40c u flap: Orifice loca- 
tions on surfaces in percent of 
chord twin leading edge 



Orifice 


Upper 


Lower 


0 


0.00 


0.00 


1 


2. 40 


2. 40 


2 


5.00 


5.00 


3 


10. 00 


10. 00 


4 


25. 00 


25. 00 


5 


45.00 


45.00 


5a 


none 


5s. SO 


6 


62.50 


62.50 


7 


75.00 


75.00 


8 


SL>. 50 


82 50 


9 


88. 10 


88. 10 


10 


1)3.00 


93.60 


11 


98.60 


98.60 



(i) 



N. A. C. A. 23012 0.30c, and 
0.40c m flaps: Orifice locations 
on surfaces in percent of flap 
chord from leading cdjze 



Orifice 


Upper 


Lower 


0 


0.00 


0.00 


1 


1.20 


1.20 


2 


2. 50 


2.50 


3 


5.00 


5.00 


4 


10. 00 


10.00 


5 


25. 00 


25.00 


6 


45.00 


45.00 


7 


62.50 


62.50 


8 


75.00 


75. 00 


9 


82.50 


82.50 


10 


92. 50 


92.50 
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Y 

Positive directions of axes and angles (forces and moments) are shown by arrows 



Axis 


Force 
(parallel 
to axis) 
symbol 


Moment about axis 


Angle 


Velocities 


Designation 


Sym- 
bol 


Designation 


Sym- 
bol 


Positive 
direction 


Designa- 
tion 


Sym- 
bol 


Linear 
(compo- 
nent along 
axis) 


Angular 


Longitudinal 


X 
Y 
Z 


X 
Y 
Z 


Rolling _ _ 


L 

M 
N 


Y >Z 

Z >X 

x — >r 


Roll 


e 


u 

V 

w 


V 
q 

r 


Lateral 

Normal , 


Pitching 

Yawing 


Pitch 

Yaw 









Absolute coefficients of moment 

C--^- n -M. 

V '~qbS ° m ~qeS 
(rolling) (pitching) 



Cn ~qbS 
(yawing) 



Angle of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 



D, 

p, 

P/D, 
V, 

v., 

T, 

Q, 



Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 



4. PROPELLER SYMBOLS 

P, 



Power, absolute coefficient C P =— 



Thrust, absolute coefficient C T = 
Torque, absolute coefficient C Q = 



. Q 



v, 

n, 
*, 



P 

_ pnW 

Speed-power coefficient = -y/^:> 
Efficiency 

Revolutions per second, r.p.s. 

Effective helix an^le=tan~ 1 (^H-^ — ^ 
& \2irrnJ 



1 hp. = 76.04 kg-m/s=550 ft-lb./sec. 

1 metric horsepower= 1.0132 hp. 

1 m.p.h. = 0.4470 m.p.s. 

1 m.p.s.=2.2369 m.p.h. 



~pn 2 D b 

5. NUMERICAL RELATIONS 

1 lb.=0.4536 kjfe. 



1 kg=2.2046 lb. 

1 mi. = l,609.35 m=5,280 ft. 

1 m=3.2808 ft. 



